INTRODUCTION
Orthopnea is a common complaint in patients with chronic cardiac decompensation. The frequent association of orthopnea and pulmonary congestion has properly led many authors to regard congestion of the lungs as an important factor in the genesis of dyspnea in the recumbent position, the symptom being favorably modified in the upright position. There has, however, been no general agreement regarding the mechanism whereby pulmonary congestion induces or exaggerates dyspnea in recumbency. A number of authors have stated that dyspnea of recumbency results from increased pulmonary congestion in the recumbent position, consequent to a shift of blood from the lower part of the body (1), pressure on (2) or unfavorably hydrostatic relations within (3) the pulmonary veins, kinking of the pulmonary vessels (4) , or an increase in the volume flow of blood through the lungs in the recumbent position (5, 6) . The last named factor has been eliminated by the more recent studies of McMichael (7) in patients with congestive failure. The increase in pulmonary congestion by one or more of these factors is believed to induce the dyspnea of recumbency, either by influencing adversely the respiratory exchange (3), by activating reflexes initiated by changes in the parenchyma or blood vessels of the lungs (3, 5, 8) , or by causing increased rigidity of the lungs (3, 9) .
It has been stated that the appearance of rales or an increase in their number occurs in the recumbent position (10) . However, no data bearing on variations in the degree of pulmonary congestion in patients with chronic congestive failure in various positions are available except for McMichael's findings in one case (11) . The deviations from the normal in the lung volume and its subdivisions, produced by passive congestion of the lungs, yield a characteristic pattern (9) . The lung volume and its subdivisions have therefore been studied in orthopneic patients with chronic congestive failure to learn whether pulmonary congestion increases when orthopneic patients assume the recumbent position.
Although the primary purpose was to investigate the effect of position on pulmonary congestion, data also were obtained on other pulmonary factors which might affect dyspnea of recumbency. Accordingly, the relation between various aspects of respiratory function and orthopnea will be discussed.
The procedure used in the present study is applicable only to patients with mild or moderate orthopnea and therefore conclusions derived from the present experiments may not be wholly applicable to severe orthopnea.
MATERIAL AND METHODS
Thirteen studies of the effect of changes in posture while in bed on the lung volume and its subdivisions have been made in 12 patients with chronic congestive failure due to rheumatic, arteriosclerotic, or hypertensive heart disease. In 3 subjects (Cases 1, 2, 3), the effect of the application of an abdominal binder was studied with the patient in the upright position. The subjects ranged in age from 18 to 59 years; 6 of them (Cases 2, 6, 8, 9, 10, 11) were men. Nine patients had orthopnea of choice; 3 (Cases 2, 4, 5) had orthopnea of necessity. In 2 instances (Cases 11 and 12), orthopnea was not a complaint at the time of study; Case 11 formerly had had severe orthopnea, but as a consequence of total thyroidectomy, performed 8 years previously, there had been complete and permanent disappearance of this symptom. In 1 patient (Case 10), studies were made while the patient was orthopneic and again after disappearance of that symptom. The method of Christie (12) , slightly modified (13) The reserve air was uniformly less by 40 to 510 cc., or 16.4 to 75.0 per cent in the recumbent as compared to the sitting position. The average difference was 182 cc., or 37.8 per cent.
The complemental air was greater in the recumbent than in the sitting position in 7 experiments, the differences ranging between 80 and 320 cc., or 5.6 to 26.0 per cent. In 6 instances, the 2 volumes were identical; in 2 of these instances, the patients were unable to lie flatter than an angle of 20 degrees with the horizontal, and in a third (Case 9), there was abdominal distension due to ascites. The average volume of the complemental air in recumbency was 76 cc., or 6.1 per cent, greater than in the sitting position.
The vital capacity was lower in the recumbent than in the sitting position in 11 experiments, the differences ranging between 30 and 510 cc., or 1.6 and 22.5 per cent. In 1 instance, there was no change and in 1, the vital capacity was 120 cc., or 6.9 per cent, larger in recumbency. The average volume of the vital capacity was 106 cc., or 5.9 per cent, smaller in recumbency than in the sitting position.
The total capacity was lower in the recumbent than in the sitting position in 10 experiments, the differences ranging between 20 and 230 cc., or 0.5 and 7.7 per cent. In 3 instances, the total capacity was larger in recumbency by 60 to 330 cc. The average volume of the total capacity was 83 cc., or 2.4 per cent, smaller in recumbency than in the sitting position.
The tidal air was decreased in recumbency, as compared to the sitting position, in 8 instances and increased slightly in 3; there was no change in the other 2 subjects. Consistent differences between values for respiratory rate and minute volume in the recumbent and sitting positions were not found.
Effect of abdominal binders. Application of upper abdominal binders in 3 subjects in the sitting position caused no change in residual air. The functional residual and reserve airs decreased approximately to the same degree as when the recumbent position was assumed without the binder (Table I) . However, the complemental air did not show changes in the same direction after application of the binder as when the recumbent position was assumed without the binder. The measurements derived from the complemental air, i.e., the vital and total capacities, were lower after application of the binder than in recumbency without the binder. In all instances, application of the binder caused increases in respiratory minute volume as compared to the values in the upright position without binders; the patients complained of dyspnea in the sitting position after the binder was applied.
DISCUSSION
McMichael and McGibbon (14) , in a recent study, showed that when normal subjects change from the sitting to the lying position, the characteristic findings are (1) little or no change in residual air, (2) a decrease in functional residual air due entirely or almost entirely to (3) a decrease in reserve air, (4) an increase in complemental air, (5) a small decrease in vital capacity, and (6) a small decrease in total capacity. These conclusions are in agreement with those of earlier authors (14) as well as our own (Figure 1) . In cardiac decompensation, according to Christie and Meakins (9) , when the lungs become congested, the vital and total capacities are greatly reduced because of a marked decrease in the complemental and reserve airs. The residual and functional residual airs are markedly increased, relative to the total pulmonary capacity. The fact that the ratio of functional residual to total capacity increases with pulmonary congestion has been used in the present study as a measure of whether or not the degree of congestion in orthopneic cardiac patients varies with position.
It is clear that if an increase in the ratio of functional residual air to total capacity occurs, with a marked decrease in the complemental air, when orthopneic patients change from the sitting to the recumbent position in bed, it would be valid to conclude that the occurrence or exaggeration of respiratory discomfort in recumbency is associated with an increase in pulmonary congestion. The results of the present study on patients with mild or moderate orthopnea do not support such a conclusion. The changes in the lung volume and its subdivisions, which occurred in our patients with orthopnea on change of position, were similar to those which occur in normal subjects under comparable circumstances (14 variations in the subdivisions of the lung volume, due to changing position, were qualitatively the same when orthopnea was present as when it was absent.' The vital and total capacities decreased slightly when the subjects of the present study changed from the sitting to the lying position; this was consequent to the fact that the complemental air failed to increase as much as the reserve air decreased. Similar changes occur in normal subjects and have been ascribed, without evidence, to an increase in the amount of blood in the lungs in recumbency (14) . However, in view of the fact that the ratio of functional residual to total lung volume decreases in recumbency, it is quite unlikely that such an increase in pulmonary blood volume occurs.
It is to be noted that the results of the present study show only that no increase in pulmonary congestion occurs when cardiac patients, sitting in bed, lie down. No attempt was made to study the changes in pulmonary dynamics following prolonged still-standing, or sitting with legs down by the patient, or the application of tourniquets or venesection by the physician. All these procedures tend to ameliorate orthopnea and all must be associated with the withdrawal of blood from the lungs. Pulmonary congestion must therefore be responsible, at least in part, for the occurrence of orthopnea in cardiac patients. Passive congestion makes the lungs abnormally rigid and raises the intrapleural pressure (9) . The manner in which these changes favor the occurrence of orthopnea is discussed below.
Although no increase in pulmonary congestion in recumbency was demonstrated in the present study, it is not to be concluded that changes in pulmonary dynamics in that position are unrelated to the genesis of orthopnea. The decrease in reserve air and increase in complemental air in recumbency in normal subjects were shown by McMichael and McGibbon (14) to be caused by a cephalad shift of the diaphragm, due presumably to the pressure of the abdominal viscera. The occurrence of similar changes in recumbency in congestive failure also appears to be due to a shift in the diaphragm. Thus, in the present study, forcing the diaphragm upward by application of an upper abdominal binder in the sitting position in 3 subjects caused approximately the same decrease in reserve air, without change in the residual air, as did assuming the recumbent position. The increase in complemental air which occurs on lying down could not always be reproduced by the application of the upper abdominal binder which, in contrast to the abdominal viscera, is inelastic and prevents full expansion of the lungs. It is worthy of note that the application of the abdominal binder made the patients, normally comfortable when sitting, dyspneic in that position and increased their respiratory minute volumes. It is to be concluded, therefore, that a cephalad shift of the diaphragm, which occurs in recumbency and is due to pressure of the abdominal viscera, is responsible in part for orthopnea. Other authors (9) have shown that the shift in the level of the diaphragm in recumbency results in a decrease in the volume of the functional residual air and an associated lessening of the negativity of the intrapleural pressure in normal subjects. Similarly, the decrease in functional residual air in recumbency, here shown to occur in orthopneic patients, is also associated with a decrease in the negativity of the intrapleural pressure in that position (15) . The intrapleural pressure in patients with congestive failure is, however, less negative than normal and may be positive during expiration, even in the sitting position (9) . Further changes in this direction cause increased respiratory embarrassment and inefficiency (9) . This is probably the cause of the smaller tidal volumes in recumbency, as compared to the sitting position, in a majority of orthopneic cardiac patients noted by Calhoun et al. (16) and also by us in the present study. Decreased tidal air volumes in recumbency should result in less complete aeration of blood passing through the lungs. On the other hand, the relatively small decreases in lung volume and its subdivisions, which occur when orthopneic patients lie down, indicate that decrease of space available for breathing does not cause orthopnea, as Christie and Beams (17) and Calhoun et al. (16) believe.
When normal subjects change from the sitting to the lying position, respiration is slowed and the tidal air increases (18) . If this increase in tidal air cannot occur, even normal subjects will develop evidences of anoxemia (18) . It is therefore not surprising that increased dyspnea occurs in many patients with congestive failure in recumbency, since the increased rigidity of their lungs (9) makes it difficult to augment the tidal air, and the aforementioned respiratory inefficiency in recumbency may actually result in a decrease in tidal volume. Lower levels of arterial blood oxygen saturation in the recumbent position, as compared to the sitting position, have been reported by Calhoun et al. (16) (19, 20) and spinal fluid (21 to 23) pressures in the genesis of orthopnea has been discussed by other authors.
Recumbency causes qualitatively the same changes in the lungs in normal subjects and in patients with congestive failure; indeed, the changes in normal subjects are considerably greater than in patients with congestive failure (Figure 1) . Nevertheless, orthopnea does not occur in the former and is frequently observed in the latter. Neither the nature of the postural changes in pulmonary dynamics nor their magnitude appears to be responsible for orthopnea in patients with pulmonary congestion; rather, it is the state of respiration and circulation at the time these changes occur that is important in the genesis of orthopnea. This discussion is limited to consideration of the pulmonary factors involved in the genesis of orthopnea and has not touched on the changes in cerebral vascular dynamics which may also cause this symptom, except to note that the intracranial factors are influenced to some extent by the changes in the intrapleural pressure. A more extensive discussion of the relation between intracerebral blood flow and orthopnea will be presented elsewhere. It should be pointed out, however, that the data of other authors show that even in patients with low vital capacities factors operating outside of the lungs are significant. The data of Robb and Weiss (24) show that, for a given vital capacity volume per unit of body surface, patients with peripheral signs of congestive failure, including elevation of the venous pressure, generally exhibit more severe orthopnea than patients with no peripheral signs of congestive failure and normal venous pressure (Figure 2) . A valid general conclusion is that orthopnea in congestive failure is due to the summation of the effects of a multiplicity of complexly interrelated factors; the complexity of the interrelationships between the pulmonary factors alone is illustrated graphically in Figure 3 . The importance of each factor in the genesis of orthopnea probably varies from patient to patient.
SUMMARY AND CONCLUSIONS 1. Studies of the subdivisions of the lung volume were made in 12 patients with congestive failure in the sitting and recumbent positions.
2. No increase in the degree of pulmonary congestion was demonstrated in recumbency in orthopneic patients.
3. A cephalad shift of the diaphragm occurs in recumbency; this causes changes in respiration and circulation which tend to increase dyspnea.
4. The complexity of interrelated factors which are related to the genesis of the orthopnea of congestive failure is discussed.
